ABSTRACT
INTRODUCTION
Silicon is an attractive material for high-power photonic components for several reasons. It is transparent in the nearinfrared, 1 4 makes it suitable for applications such as particle accelerator structures. 5 The sustainable fields in such structures are ultimately limited by optical damage to the material. Previously, the optical damage threshold has been measured for silicon at 800 nm. 6, 7 Photonic structures relying on transparent materials would operate with silicon in the infrared. For accelerator applications in particular, sustainable gradient is a critical parameter, while the choice of operating wavelength remains open. Knowledge of damage thresholds for silicon at a range of wavelengths in the infrared would therefore serve to inform photonic structure design.
in particular in the telecommunications band at 1550 nm where many promising sources exist (see for instance Ref. 2). It has a high index of refraction at those wavelengths, which is generally required for the creation of photonic crystal structures with complete bandgaps. 3 Well-developed nanofabrication techniques exist for silicon due to its use in integrated circuits. In addition, its high resistance to ionizing radiation
As discussed in Ref. 8 , optical breakdown in dielectric materials occurs in four general steps: (1) Seed conduction electrons are generated by photoionization, (2) 
EXPERIMENTAL SETUP AND PROCEDURE
As samples for the damage study, we used undoped crystalline silicon cut from a wafer with a (100) surface orientation. This was a pump-probe measurement in which a CW helium-neon laser was focused on the same spot on the sample as the infrared pulses and damage was detected by observing a decrease in reflected HeNe intensity. A schematic of the experiment is shown in Fig. 1 Fig. 4 Fig. 7 . We fit the data to an error function, which is the curve that results from integrating a Gaussian spot intensity profile. For this knife-edge scan, we acquire a spot width of w x = 74.3 ± 2.2 µm. A sample event is plotted in Fig. 8 For each block B, we fit the pulse energies in that block to an asymmetric Gaussian distribution, with peak µ and RMS widths σ 1 and σ 2 for U < µ and U > µ respectively. We ignore the pulse energies with U < µ, and consider the distribution of pulse energies in a block to be a one-sided Gaussian with peak µ B = µ and RMS width σ B = σ 2 . We can justify this because if damage occurred, it is unlikely that it was a pulse with such low energy that caused it, when pulses with higher energies were present. Conversely, if damage did not occur, the fact that a relatively low-energy pulse did not cause damage yields little information. The probability density function for pulse energy U within block B is therefore
We obtained an autocorrelation trace by varying the delay in one arm of the interferometer, and thus the temporal overlap of the beams on the crystal, and observing the resulting signal on the diode. A picture of the autocorrelator is shown in

As a final setup step, we calibrated the sensitive pyroelectric detector used to measure pulse energy, also a Molectron P1-45. This was necessary for each wavelength because the reflectivity of the pellicle beam sampler varied with wavelength. We calibrated the Molectron detector against an Ophir Optronics PE10 energy detector; since the Ophir detector had an absolute calibration in our wavelength range, this allowed us to have an absolute calibration of the Molectron detector at each wavelength. We placed the Ophir detector behind the sample and used the stages to remove the sample from the beam path. This ensured that the Ophir detector was reading the pulse energies after the beam passed through its transport through the sample and therefore was measuring the actual incident pulse energies. We acquired approximately 1200 shots on both the Ophir detector and the Molectron sensor for a range of energies. A linear fit was then performed to obtain the calibration.
DATA ANALYSIS AND RESULTS
Once the setup was complete for a particular wavelength, damage data were taken. For each event, the pulses were allowed to illuminate the sample by removing a beam stop, and infrared pulse energy and reflected HeNe power were then acquired on a shot-to-shot basis. Since the data acquisition rate was limited to ≈ 100 Hz, less than the repetition rate of the laser, not all samples were acquired. The acquisition was stopped, and the beam stop reinserted, when either the HeNe power decreased, indicating damage, or a certain amount of time, usually
We estimate the number of relevant incident pulses within the block to be N B = r|{U ∈ B | U ≥ µ B }|.
We can now form a likelihood function from these statistical parameters. For a given block B, let P 1 (U th ) be the probability that a single incident pulse from block B does not cause damage if the pulse energy damage threshold is U th . This is the probability that a pulse energy U < U th . From Eq. (1) we have that P 1 (U th ) = 0 if U th ≤ µ B , and that for U th ≥ µ B ,
Then the probability P B (U th ) that no damage occurs within the block is the probability that none of the incident pulses initiate damage, or 
